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Introduction
Polyoxometalates (POMs), as metal-oxygen cluster species, are a large and rapidly growing class of compounds, that have attracted much attention in the areas of catalysis, medicine, bioanalysis and materials science, owing to their excellent properties such as the possibility of tuning POM size, shape, charge density, acidity, redox potential, stability and solubility characteristics [1, 2] .
One of the most important properties of POM anions is their ability to accept various numbers of electrons, giving rise to mixed-valency species [3] . This property has made these compounds very attractive in electrode modification and electrocatalytic research [4] .
A number of strategies have been developed to prepare chemically modified electrodes (CMEs) with a variety of POMs. Several groups have immobilized POMs using various techniques, such as electrochemical deposition [5] [6] [7] , adsorption [8] [9] [10] , use of carbon nanotubes [11] , doping in a polymer matrix [12] [13] [14] , layer by layer molecular self-assembly process based on electrostatic attraction as the driving force [15, 16] and entrapment in sol-gel matrix [17, 18] . One of the drawbacks of the electrodes modified by these methods is that the electrode surfaces cannot be renewed in the event of leakage, contamination or passivation, therefore it is useful to explore a novel POM-based material, that retains the electrochemical and electrocatalytic activity of POM and can be used as bulk modifiers of carbon paste electrodes, the surface of which can be renewed with very good repeatability.
Inorganic-organic hybrid POM-based materials with organic or biochemical substances have led to great achievements in the recent years, as they combine both inorganic and organic merits, possess new synergistic properties and poor solubility in water and in common organic solvent [19, 20] . Several organic compounds have been used for the synthesis of POM-based hybrid materials [21] [22] [23] [24] [25] . Among them, organic dyes have a large planar conjugated π system and are excellent electron donors, offering the opportunity to be a good candidate to form POM-based charge transfer salts with a mixed valence state on the organic and inorganic units [26] . Nile blue, one of phenoxazine dyes, is a well-known electroactive molecule with highly promising properties as a redox catalyst [27] . This compound has been used as mediator for the electrocatalytic oxidation of NADH [28] [29] [30] , hydrogen peroxide [31] , L-cysteine [32] , and nitrite [33] and electrocatalytic reduction of oxygen [34] and hemoglobin [35, 36] .
In the present work, we reported the synthesis of a new inorganic-organic hybrid based on 
Experimental

Reagents and solutions
All aqueous solutions were prepared with distilled water. All chemicals were of analytical grade from Merck and Fluka and used without further purification. 1.0 M nitrite solution was prepared by dissolving sodium nitrite in water. 1.0 M H 2 SO 4 solution was prepared in water and different pH solutions were prepared by adjusting the pH with required amount of 1.0 M NaOH solution.
Samples of natural water were taken from Zayandeh road river, Isfahan, Iran.
Apparatus
A Leco CHNS-932 elemental analyzer was utilized for the structure characterization of hybrid compound. FT-IR spectrum was recorded in the 400-4000 cm -1 range on a JASCO model FT-IR-3600 spectrometer using KBr pellets. Solid state diffuse reflectance spectra between 200 and 800 nm were obtained for the dry pressed disk samples using a JASCO model V-670
spectrophotometer. UV-Vis spectra in organic solvent were measured on a Shimadzu UV 160 spectrometer using spectrophotometric grade dimethylsolfoxide (DMSO) as solvent. composite carbon paste electrode as working electrode, together with an Ag/AgCl (saturated KCl) and a platinum wire as reference and counter electrode, respectively.
The pHs of solutions were measured by a Metrohm model 827 pH meter using a combined glass electrode (Metrohm 6.0262.100).
Synthesis of NB 2 SiW 12
The NB solution containing 0.4 mM NB in 0. 
Fabrication of the carbon paste electrodes
The unmodified carbon paste electrode was prepared by mixing graphite powder with an appropriate amount of paraffin oil (70:30 w/w). A portion of the composite mixture was packed into a 2 mm diameter insulin syringe. Electrical contact was made by forcing a copper pin down into the syringe and into the back of the graphite paste. The surface of electrode was smoothed on a piece of weighing paper.
The NB 2 SiW 12 composite electrode was prepared by mixing the graphite paste with NB 2 SiW 12
(85:15 w/w). In order to obtain a better homogeneity and good reproducibility of the composite electrode surface, ethanol was added to the resulted composite. The mixture was stirred using a magnetic stirrer until all the solvent evaporated. The composite was then air dried for 24 h and the composite electrode was fabricated in the same way as graphite one.
Result and discussion
Characterization of NB 2 SiW 12
CHN elemental analysis and thermogravimetry.
The percentage of C and N determined by elemental analysis of NB 2 SiW 12 was found to be 14.0 and 2.3%, respectively, corresponding to the reaction of 2 NB moles with one mole of SiW 12 to form NB 2 SiW 12 . Thermogarvimetric data showed a 4.30% weight loss below 200 o C, corresponding to the release of hydrated water. At temperatures higher than 597 o C, the hybrid compound being slowly decomposed to the final products SiO 2 and WO 3 [37] . The relative lost weight of organic part to total weight shows that one mole of SiW 12 reacted with 2 moles of NB cations to form NB 2 SiW 12 hybrid compound, which confirms the CHN.
UV-Vis spectra
The diffuse reflectance (DR) UV-Vis spectra of SiW 12 exhibited two strong bands at 254 and 329 nm and of NB showed other less strong bands at 392 and 459 nm and broad strong absorption band from 500 to 800 nm. Hybrid compound exhibited also the adsorption bands of the components NB and SiW 12 and a new band at 524 nm (Fig. 1A) , attributed to the charge transfer transitions between the SiW 12 acceptor and NB donor [38, 39] . The UV-Vis spectra in DMSO solution of SiW 12 , NB and hybrid (see Fig. 1B ) showed that SiW 12 has a high intensity absorption peak at 288 nm, attributed to the O-W charge transfer transitions [40] and that NB possesses absorption bands at 638 and 275 nm. The hybrid compound UV-Vis spectra exhibited all the absorption bands of both SiW 12 and NB, with hypsochromic shifts of the NB peaks due to the interaction between SiW 12 and NB in the hybrid compound. <Figure 1>
Electrochemical properties of modified electrode
As known, POM compounds are unstable in neutral and basic aqueous solutions and undergo a series of hydrolysis processes, but they are fairly stable in acidic aqueous solutions [41] .
Therefore, electrochemical studies of the NB 2 SiW 12 composite electrode were carried out in 1.0 M H 2 SO 4 aqueous solutions, pH 1.0. As shown in Fig. 2 The main redox activity of NB is observed at potentials very close to 0.0 V vs. Ag/AgCl, presenting reversible peaks with E 1/2 +0.06 V vs. Ag/AgCl, a less evident pair of peaks, with E 1/2 =+0.37 V, being also noticeable (see Fig 2,c) . In the NB 2 SiW 12 hybrid compound, the main redox activity is maintained, the redox process being irreversible and the oxidation wave occurring at a potential closer to 0.0 V, indicating that NB is oxidized easier in the hybrid compound, due to the electron acceptor nature of SiW 12 .
<Figure 2>
Effect of pH and scan rate
In general, the reduction of POM anions is accompanied by protonation, therefore, the pH of the supporting electrolyte, is expected to have an effect on the electrochemical behavior of the NB 2 SiW 12 composite CPE. the redox process is surface-confined. The peak-to-peak potential separation for the redox peak pairs is about 50 mV, larger than the theoretical value, which should be 0 mV for a reversible surface redox process [42] . <Figure 4>
Stability and repeatability of surface-renewal
The working stability of the NB 2 SiW 12 composite CPE was investigated by recording repetitive cyclic voltammograms and monitoring the change in peak current density and peak potentials.
The electrode retained 99% of its initial activity after 100 repetitive cycles in These results are very promising for analytical application of the newly developed electrode.
Electrocatalytic activity NB 2 SiW 12 composite CPE towards nitrite
Many studies [4, 12, [43] [44] [45] [46] [47] The time required to reach the 95% steady-state response was 5s, indicating a fast response process. The amperometric response to nitrite showed a linear range from 5 to 1200 μM (Fig.   6B ), with the calculated detection limit of 2.8 ± 0.42 μM (RSD = 3.9%, n=3). The sensitivity of the amperometric nitrite sensor was 178.2 ± 2.1 μA mM -1 cm -2 (RSD = 4.7%, n=3).
A comparison of the analytical properties of recently reported nitrite sensors are listed in Table 1 .
The detection limit of the NB 2 SiW 12 modified CPE was lower than most other electrodes, the linear range being similar to the other reported electrodes, the NB 2 SiW 12 composite CPE having the advantage in being very easy to prepare from cheap materials compared to other more complex electrode architecture cited in the , on the determination of nitrite was studied. The amperometric response of the sensor to nitrite in the presence of interferents was tested for the concentration ratio of 10:1 interefrent:nitrite. The results are summarized in Table 2 showing that sensor is almost interferent-free. Only I -, Br -and IO 3 -interfere in the nitrite determination, which should not be a problem in real samples nitrite determination, where their concentration in relation to nitrite is much lower than 10:1, here tested. The catalytic selectivity is enhanced by the low working potential (-0.25 V vs. Ag/AgCl), which in combination with the great operational stability, makes the proposed sensor a promising tool to be used for nitrite in real samples with no, or minimal sample preparation. <Table 2>
Application of the sensor
The NB 2 SiW 12 modified CPE was used to determine nitrite in natural water from Isfahan, Iran (Zayandehrood river). A volume of 1 ml of water was injected into a 20 mL electrochemical cell, followed by injection of nitrite standard solution corresponding to 50, 100 and 150 µM nitrite in the total cell volume. The nitrite concentrations in the water sample and after the additions of standard solution of nitrite were determined from interpolation on the calibration curve recorded right before the experiment. Results are presented in Table 3 . As observed, the recoveries were very close to 100 % (98.7-101.6%), indicating that the developed amperometric nitrite sensor can be successfully applied to the analysis of nitrite in water samples. • Hybrid compound possess new synergy properties and poor solubility in water.
• Electroreduction of nitrite by NB 2 SiW 12 modified carbon paste electrode.
• The electrode has a good mechanical and chemical stability and reproducibility.
• The proposed sensor is suitable for use in real water sample.
